Abstract. Greenhouse gas emissions from a building's construction phase are more concentrated within a short time compared with the other stages. In order to account its carbon footprint rapidly, this paper, based on the practical investigation on the construction site, created a new calculation method, and updated the transport carbon footprint factors. By using the BIM technology and computer technology, this paper established the "building construction carbon footprint accounting system". Finally, it analyzed a case to testify how the system works. This study provides a reference for the study of carbon footprint in the building industry, especially the calculation method of transport carbon footprint.
Introduction
Since the 21st century, global warming has become an increasingly serious issue due to the emission of carbon dioxide and other greenhouse gases. How to effectively reduce carbon emissions is one of the hot spots in the field of international political, economic and academic research. The energy consumption related to building construction has accounted for 20% -30% of Chinese annual total energy consumption [1] . Therefore, construction industry is the focus of carbon reduction targets, and we should attach importance to the carbon footprint of building construction phase. With increasing research of the building construction carbon footprint, Jianjun Wang [2] established a carbon emission calculation model during the building construction process and described the calculation methods of carbon emissions. Jingke Hong [3] analyzed greenhouse gas emissions during the construction phase on the basis of an extended system boundary by utilizing detailed onsite process data. However, the construction site data makes the calculation time late and long. So this paper applies BIM and computer technology to the carbon footprint evaluation, and establishes a rapid evaluation system. Finally, a case analysis is conducted to demonstrate how the model works.
Carbon Footprint Calculation Base
The carbon footprint is a measure of the exclusive total amount of carbon dioxide emissions that is directly and indirectly caused by an activity or is accumulated over the life stages of a product [4] . Before evaluation, we should understand the assessment scope and carbon footprint factor at first. Evaluation scope The greenhouse gas includes CO2, CH4, N2O, HFCs, PFCs and SF6 listed in the Kyoto Protocol. The GWP value of carbon dioxide is set to 1 and the GWP value of other gases is set to the 100-year GWP value provided in the IPCC report [5] . The building construction phase refers to the period of time from the construction drawings to the time when the building construction can be delivered, including material production, transportation, on-site civil construction. The carbon footprint involved in building construction should be brought into the assessment. Detailed evaluation of the scope is shown in Figure 1 . Carbon Footprint Factor The carbon footprint factor is the amount of greenhouse gas emitted per unit of product or work, which is the basis for calculating the carbon footprint. The energy and building materials carbon footprint factor in the article are derived from the data of the literature [6] . The carbon footprint factor of the construction machinery is calculated by combining the energy carbon footprint factor with the National Unified Construction Machinery One-shift Cost Quota. In order to obtain the actual transport carbon footprint factor, we conduct data collection to investigate the vehicle type, transport load and fuel consumption. The lack of detailed transport information about auxiliary materials and the bias between the rated weight and actual weight of transport vehicle may result in the loss of material transport data or statistical inaccuracy. In the calculation of carbon footprint, transport machine carbon footprint factor means the product of energy consumption of vehicles traveling 100 km and energy carbon footprint factor, of which the measuring unit is kgCO2eq/100km. Specific carbon footprint factors are shown in Table 1 . 
Rapid Assessment Model of Carbon Footprint
Calculation method of greenhouse gases According to the provision of evaluation scope, the total formula is shown in Equation (1): P=P1+P2+P3.
(1) Where P is the total carbon footprint of buildings; P1, P2, P3 are respectively carbon footprint of construction materials, construction machinery and transport. The measuring unit is kgCO2eq. The carbon footprint of building materials refers to the full life cycle carbon footprint of various building materials. Its formula is shown in Equation (2):
Where MRi is the demand for the i-th type of building materials; Similarly, MLi means the corresponding wastage; EFi is the carbon footprint factor. The machinery one-shift workload can be calculated according to the quota of engineering quantity and construction technology engineering quantity. The product of machinery one-shift workload and the carbon footprint of one-shift is the construction machinery carbon footprint:
(3) Where EQi is the engineering quantity of the i-th construction technology; Qi is the machinery one-shift quota of unit engineering quantity; EFi is the corresponding carbon footprint factor of construction machinery one-shift, of which the measuring unit is kgCO2eq/one-shift. The calculation of the carbon footprint of the building material transport is related to transport machine, transport distance and the number of transport. When calculating the transport number, we should round up to an integer if it is less than 1, ignoring the carbon emission of empties returning.
(4) Where Li is the load distance of the i-th means of transport vehicle, of which the measuring unit is 100 km; Mi is the transport weight, t; mi is the loading capacity, t; EFi is the transport machine carbon footprint factor, kgCO2eq/100km. Rapid assessment of building carbon footprint In general, the data source of carbon footprint calculation is based on the construction site data, making the evaluation time after the project completion. This paper will focus on advancing the evaluation time by the application of BIM. According to the design instructions and drawings, we adopt the BIM software to build model and calculate the quantities of construction materials in the model. The application of BIM helps get the transparent data quickly. The engineering quantity obtained by BIM technology has limitation. Some statistical unit of construction component in BIM software cannot be directly used for the calculation. Thus, the paper uses Wastage Quota of Building Construction Engineering to determine the name and quantity of the materials and mechanical equipment, then combines the engineering quantities and corresponding quota, making statistical unit return to common unit. The calculation steps of engineering quantity conversion of twisted steel φ16 are shown in Table 2 . All the data will be calculated through the above steps to get the actual bill of quantities. Calculating carbon footprint The carbon footprint of construction materials and machinery can be directly calculated by using Equation (2) and Equation (3). According to Equation (4), we can calculate the transport carbon footprint. The commercial concrete calculation steps as follows. After completing the above section, we can calculate the total amount of carbon footprint.
Building construction carbon footprint accounting system The system is compiled with Visual Basic 6.0 programming language. By means of the external storage of database and the core operation program, system can use the derived data from BIM software to calculate carbon footprint, and automatically form a standardized analysis table. System interface is shown in Figure 2 .
Empirical Study on Rapid Assessment of Carbon Footprint
Case overview. The project is a college dormitory, located in Dalian. The building is a frame structure, of which the seismic fortification intensity is 7. This six-story dormitory, five above and one under the ground, has total area of 6161.74m 2 and height of 21.3m. Rapid evaluation of carbon footprint Luban calculation software provides a complete database of Pricing Quota of Building Construction Engineering, closely matching the study. We set up the model in Luban calculation software, and adopt the relevant quota. Rapid calculation include two steps. The first step is to calculate the bill of quantities. The system can fully recognize the modeling results of BIM software as well as the quota database, and quickly compute the bill of quantities, transforming the basic data into directly calculated data. The second step is the carbon footprint calculation. The program will add the bill of quantities to the "materials and construction machinery" list. Meanwhile, the carbon footprint factor will be shown in the "carbon footprint factor library" list. After selecting the calculation type, the program can intelligently filter the bill of quantities and add the default item. According to the selected calculation item, carbon footprint factors will be shown in "matching carbon footprint factor" list. After calculating all the carbon footprint, the system can export the calculated results to the specified documents like Figure 3 . Table 4 shows that the carbon footprint of building materials in life cycle is the largest contributor to the carbon footprint, accounting for 95.92% of the total building carbon footprint, followed by the construction machinery carbon footprint, accounting for 3.14%. The transport carbon footprint is less than 1%, compared to the other two can be ignored.
Conclusion
By applying BIM and computer technology, this paper established a rapid evaluation system of carbon footprint in building construction phase, and verified the feasibility and practicability of the system by a case. The results show that the carbon footprint of building materials accounts for more than 95% of the total carbon footprint, so developing the appropriate carbon emission reduction strategy in the choice of materials will produce immediate effects of the emission reduction. It is expected that the calculation model can provide the reference data for carbon footprint evaluation.
